INTRODUCTION
Erectile dysfunction (ED) is defined as the persistent inability to attain or maintain penile erection sufficient for sexual intercourse [1] . Phosphodiesterase type 5 (PDE5) inhibitors have been the most commonly prescribed me dications for ED, and include sildenafil citrate, tadalafil, vardenafil, udenafil, mirodenafil, and avanafil. Although PDE5 inhibitors are efficacious in the treatment of ED, high rates of treatment discontinuation have been reported, ranging from 14% to 80.4% [2, 3] . Reasons for treatment discontinuation include lack of efficacy, adverse events (AEs), fear of AEs, and the inconvenience of waiting for the onset of drug of action [4, 5] . If firstline ED therapy, such as the use of PDE5 inhibitors, is not sufficient, a second line of therapy is needed. The most commonly used second line therapy is intracavernous injection [6] , which has a success rate of about 70% to 85%. However, poor treatment compliance and ensuing high dropout rates (41%-68%) have been reported [7, 8] .
Additionally, the daily treatment with PDE5 inhibitors, which is expected to reduce the pathologic progression of ED, failed to show consistent positive effects in many studies [9] . In addition, unassisted erectile function (EF) was not improved after cessation of active therapy [10] . Therefore, there is an increasing need to develop drugs that function differently from PDE5 inhibitors and can improve EF when taken continuously.
The major components of KBMSI2 are Ginseng Radix Rubra, Dioscorea tenuipes, Cornus officinalis Sieb. et Zucc., Lycium chinense Mill, and Curcuma longa Linn. These ingredients are widely known plants and compounds used by the general population. Their extracts, when used individually or in combination, are effective in triggering penile erection in white rats that have the same erectile mechanism as humans [11] . Yoon et al. [12] reported that the peak intracavernosal pressure/mean arterial pressure (ICP/MAP) ratio, endothelial nitric oxide synthase (eNOS), neuronal NOS (nNOS), and cyclic guanosine monophosphate (cGMP) expression in rats treated with KBMSI2 increased, and the smooth muscle component increased when analyzed by Masson's trichrome staining. They suggested that KBMSI2 improved the EF by preserving the smooth muscle content and inhibiting fibrosis of the corpus cavernosum in a streptozotocin (STZ)induced diabetic rat model. Based on these findings, we conducted this preliminary clinical study to determine whether the therapeutic effect of KBMSI2 on ED observed in animal studies was valid in humans.
MATERIALS AND METHODS

Ethics statement and description of participants
This was a doubleblind, randomized, placebocontrolled, parallelgroup study. The present study protocol was reviewed and approved by the Institutional Review Board of Pusan National University Hospital (approval number: H1201005001). Written informed consent was obtained f rom each patient before randomization. The protocol was registered in ClinicalTrials.gov (NCT identif ier: NCT02413099). We included only male patients because the primary purpose of this study was evaluating the EFs.
Study design
Initially, eligible patients had a 4week, treatment free runin period during which they were required to have attempted intercourse on at least 4 separate days, experiencing failure in at least half of these attempts. Subsequently, patients were randomly assigned to receive the investigational products (6 g of KBMSI2 or placebo) twice per day for 8 weeks, at least 1 hour after food intake ( Fig. 1) . During the 8week treatment period, patient tolerance, and responses to the investigational drugs were assessed every 4 weeks, and followup contact was made 6 or 7 days after the 8week treatment to evaluate any additional AEs.
Subjects
Inclusion criteria were as follows: 1) men with a history of ED for at least 6 months, according to the National Institutes of Health (NIH) Consensus Statement (inability to attain and/or maintain penile erection sufficient for satisfactory sexual performance); 2) EF domain scores on the International Index of Erectile Function (IIEF) questionnaire ≤25; 3) age range between 40 and 80 years old; and 4) involvement in a stable, monogamous relationship with a female sexual partner, with a failure rate >50% of at least four intercourse attempts during the 4week runin period.
Men with the following conditions were excluded from the study: penile anatomical deformity, spinal cord injury, radical prostatectomy, pelvic organ surgery, diagnosis of another sexual disorder, uncontrolled diabetes mellitus (HbA 1C >12%), serum creatinine >2.5 mg/dL, an uncontrolled psychiatric disorder, history of major hematological, renal, or hepatic abnormalities, recent (within the previous 6 months) 
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history of cardiovascular disease, stroke or myocardial infarction, cardiac failure, unstable angina, lifethreatening arrhythmia, and a history of alcoholism or substance abuse. Patients who had taken PDE5 inhibitors within 2 weeks or testosterone replacement therapy in the previous 12 months were also excluded. Concomitant use of any ED treatment was prohibited. 
Investigational drugs
Outcome measures
The primary efficacy outcome was the change in EF domain scores from baseline on the IIEF questionnaire, which was calculated by comparing total scores f rom questions 1 to 5 and 15 [13] . Secondary efficacy outcomes included changes from baseline IIEF scores in all other domains of the questionnaire. Changes from baseline in question 2 (Were you able to insert your penis into your partner's vagina?) and 3 (Did your erection last long enough for you to have successful intercourse?) of the Sexual Encounter Profile (SEP), patient responses to the Global Assessment Question (GAQ: Has the treatment you have been taking during the last 4 weeks improved your erection?), changes in the number of 'yes' responses on the Androgen Deficiency in Aging Males (ADAM) questionnaire [14] , and changes f rom baseline on the Aging Males' Symptoms (AMS) scale [15] was also analyzed. In addition, serum total testosterone levels were checked at baseline and at the end of the study.
Penile color Doppler ultrasonography was performed by conventional techniques in supine position, after achieving erection by administering intracavernosal injection with 5 to 10MHz linear probe at baseline and at the end of the study. Peak systolic velocity (PSV) and end diastolic velocity (EDV) measurements were performed in both cavernous arteries at the penoscrotal junction. Measurements were repeated at 5minute intervals for 20 to 30 minutes and the most accurately measured right/left mean PSV and EDV values were recorded.
AEs were classified as adverse changes from baseline that occurred throughout the study period. Safety asses sments included laboratory tests (hematology, clinical biochemistry, blood coagulation test, and urinalysis), vital signs (blood pressure and heart rate), physical examination, 12lead electrocardiogram recordings, and patientreported AEs.
Statistical methods
Efficacy of KBMSI2 was based on the analysis of all the data obtained. Repeated measures Analysis of Covariance (ANCOVA), with baseline characteristics as covariates, was used to evaluate the significance of primary and secondary measures of efficacy, except for GAQ. Efficacy was calcu lated relative to the placebo group and differences from baseline at given points, including the end of treatment, were analyzed. Repeated measures Analysis of Variance (ANOVA), was used to compare the differences between placebo and KBMSI2 treated patients, at specific time points relative to baseline. Intergroup differences in GAQ response rate were analyzed using the χ 2 test. Statistical significance was considered at a p<0.05. The number of patients evalua ted in this study was based on data obtained from the IIEF EF domain from a previous study with an herbal formula [16] . According to the standards of a perprotocol (PP) analysis, 18 valid patients were required for each group. Assuming a 20% dropout rate, a total of 44 randomized patients (22 per group) were required for effective analysis.
Changes from baseline for the continuous safety variables, including the results of laboratory analysis and vital signs, were evaluated by ANOVA. Intergroup comparisons of treatmentemergent AE frequencies were conducted using a χ 2 test or Fisher's exact test. Baseline demographics in the KBMSI2 and placebo groups were analyzed by ANOVA for continuous variables, and χ 2 test was used to analyze categorical variables. Block randomization generated by SAS Proc Plan procedure was utilized. Statistical analyses were performed using SAS ver. 9. 1 (SAS Institute, Cary, NC, USA).
RESULTS
Demographics
In total, 44 Korean men completed baseline evaluations and were randomly assigned to receive placebo or 6 g of KBMSI2. Among the intention to treat population, 41 patients completed the study, and 26 constituted the PP population (Fig. 2) . At baseline, no clinically or statistically significant differences in demographics or clinical variables were found between the treatment groups ( Table 1) .
Primary efficacy outcome variable 1) IIEF-EF domain
In the analysis of dif ferences, the KBMSI2 group showed a statistically significant improvement relative to baseline in the IIEFEF domain scores at 4 and 8 weeks. However, no significant improvement was observed in the placebo group (Fig. 3) .
Secondary efficacy outcome variable 1) IIEF-all domains (Table 2)
Compared to baseline, there were significant improve ments in all domains of the IIEF questionnaire after 4 weeks of KBMSI2 treatment. However, there was no change in the placebo group. When comparing the changes between the two groups, the results of all analyses except that of overall satisfaction showed significant differences. At the end of the study, there were significant improvements in the intercourse satisfaction domain of the IIEF and the total IIEF score in the KBMSI2 group relative to baseline. Completed n=19
Completed n=20
KBMSI-2 n=22
Placebo n=22
Placebo n=20
ITT (n=41)
KBMSI-2 n=21
Placebo n=12 
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However, no changes in the placebo group were observed. Additionally, changes between the groups were statistically significant.
2) SEP 2 and 3 (Fig. 4) The proportions of "yes" responders were not changed in SEP 2 (77.50±32.15 to 80.95±38.60) and SEP 3 (51.43±37.80 to 71.00±40.98 after 8 weeks of treatment) in the KBMSI2 group. There were no differences compared to the placebo group. Fig. 5) The proportion of patient who responded "yes" to the GAQ at the end of study was 50.0% and 58.3% in the KBMSI2 and placebo groups, respectively. This difference was not statistically significant. (Table 3) AMS total score decreased in the KBMSI2 group at the end of study (41. 14±12. 15 to 35.43±14.34). However, the change was not statistically significant compared to the placebo group. 
3) GAQ (
4) AMS total score
5) ADAM questionnaire
The number of 'yes' responses to the ADAM ques tionnaire decreased in the KBMSI2 group at the end of study (5.86±1.66 to 4.86±2.18). However, the change was not significant compared to the placebo group.
6) PSV and EDV (Table 4)
PSV significantly increased in the KBMSI2 group at the end of the study relative to baseline (10.23±5.60 cm/s to 13.64±5.99 cm/s; p=0.0240). However, this change was not significant compared to the change observed in the placebo group (3.41±5.00 cm/s vs. 2.97±3.51 cm/s; p=0.7974). There was no change in EDV and resistive index (RI) in either group.
7) Serum total testosterone levels
There were no changes in total levels of serum testo sterone in either group (4.69±1.65 ng/mL to 4.09±1. 16 ng/mL; p=0. 1624).
8) Safety and tolerability
To analyze the safety of KBMSI2, 41 subjects who took at least one dose were included. Only one patient in the KBMSI2 group reported a mild itching sensation during the study and in the followup period. No clinically significant change in laboratory tests, electrocardiogram, or blood pressure was observed in either group. 
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DISCUSSION
Herbs known to be effective in improving sexual func tion or in the treatment of ED have been used in traditional medicine as extracts, herbal teas, or topical agents, and in modern western medicine to produce drugs by separating or synthesizing the active ingredients chemically [17] . Many natural substances used by the indigenous populations of Asia, Africa, and the Americas have provided ideas for drug development, and laid the groundwork for the integration of western and oriental medicine [17, 18] . The herbal formula (KBMSI2) used in this study was prepared with Ginseng Radix Rubra, C. officinalis Sieb. et Zucc., L. chinense Mill, D. tenuipes, and C. longa Linn. The active ingredients in KBMSI2 are believed to be ginsenosides, curcumin, allantoin, and loganin. Korean red ginseng (unskinned Panax ginseng, before it is steamed or otherwise heated and subsequently dried) is one of the most widely used herbal remedies, and its potential mechanism of action is via hormonal regulation, similar to that of testosterone. However, our data showed that total testosterone levels did not change, although several other studies appear to refute this hypothesis [19, 20] . Another suggestion is that red ginseng might induce relaxation of the smooth muscles of the corpus cavernosum, via the nitric oxide (NO) pathway [21, 22] . Ginsenosides, which are thought to be the major active ingredients in red ginseng, result in a dosedependent relaxation of the corpus cavernosal smooth muscle in rabbits by increasing the release of NO [2224] . Curcumin derivatives mediate erection via upregulation of the heme oxygenase1 gene and cyclic guanosine monophosphate. Curcumin may also be involved in the upregulation of gene expression of eNOS, nNOS, and nuclear transcription factor erythroid 2, and the downregulation of NFκβ, p38, and inducible NOS gene expression [25, 26] . In a clinical study using a novel curcumin derivative, in combination with tadalafil or sildenafil, EF was significantly enhanced and a prolonged duration of action was observed [27, 28] . Allantoin is contained in D. tenuipes as a major active compound. In traditional Chinese medicine, Dioscorea is used to improve insulin resistance and prevent inflammation and ulcers [29] . Loganin is the primary bioactive component contained in C. officinalis Sieb. et Zucc. The herb C. officinalis has been used traditionally in Chinese preparations for the management of diabetes and is capable of reducing levels of some vasoactive factors and cytokines, such as NO, endothelin, and tumor necrosis factorα in the diabetic state [30] . In 2013, Yoon et al. [12] reported a study investigating the effects of KBMSI2 on ED in the STZinduced diabetic rat model. In that study, the ICP/MAP ratio was increased in the KBMSI2 treatment group compared to the untreated group. Masson's trichrome staining confirmed that the smooth muscle content was increased in the KBMSI2 group. nNOS, eNOS, and cGMP expression levels were increased in the KBMSI2 treatment group. These results suggest that KBMSI2 improved EF by preserving the vascular endothelium and smooth muscle content and inhibiting fibrosis in the corpus cavernosum. The purpose of this clinical trial was to investigate the ef f icacy and safety of KBMSI2 in patients with ED. KBMSI2 showed statistically significant improvements in the IIEFEF domain scores at 4 and 8 weeks. With regard to other domains of IIEF, KBMSI2 showed improvements in all domains of IIEF at 4 weeks and the intercourse satisfaction domain and total score at 8 weeks. These results are in accordance with the results of a previous animal study that involved KBMSI2, which showed improvement in EF by preserving smooth muscle content and inhibiting fibrosis of the corpus cavernosum in a diabetic rat model [12] . However, we could not confirm any improvement in hemodynamic parameters, such as PSV, EDV, and RI. Although PSV increased in the KBMSI2 group, the change was not significantly different from that of the placebo group. These inconsistent results are presumably due to the fact that we included the venogenic and psychogenic ED patients in this study, and we could not perf orm analysis according to ED etiology due to the small number of patients. In addition, 8 weeks of this study duration is too short to induce the vascular changes in the patients. A longer study duration may be needed to evaluate KBMSI 2induced changes in hemodynamic parameters, cavernosal tissues and endothelial function. Another contributing factor may be related to the contribution of the central nervous system to the improvement of EF, which was not evaluated in this study. Interestingly, despite the improved IIEFEF, there were no significant changes in SEP 2 and SEP 3. It is necessary to evaluate why patients responded differently to similar kinds of questionnaire items.
We expected that there would be a change in total serum testosterone levels after treatment in the experimental group. However, we could not find any significant changes in the total levels of serum testosterone. This result is in contrast with the theory that ginseng, one of the main active ingredients of KBMSI2, has hormonal effects similar to that of testosterone [19, 20] . This may be a caveat of the normal testosterone levels observed at baseline and the short period of the study.
The present study had several limitations that should be noted. Although we identified significant improvements in the IIEFEF domain as the primary outcome variable, and intercourse satisfaction domain and total scores in the IIEF as secondary outcome variables, we did not find significant improvements in other parameters such as GAQ, AMS, and ADAM. These analyses addressed the general well 
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being and overall satisfaction of the patients, which were expected to improve. Second, because of the sociocultural differences among various populations of different ethnic origins, the efficacy and safety profile of KBMSI2 observed in this study, which only included Korean patients, may have resulted in somewhat different outcomes from that reported in other ethnic groups. A third limitation is that this study did not use a crossover design. Larger clinical trials that investigate the efficacy and safety of KBMSI2 in other ethnicities and in treating ED induced by different reasons, using different dosing regimens as well as direct comparative studies with PDE5 inhibitors, are needed. Forth, the number of subjects in this study was so small that we could not analyze the results according to the degree of ED and etiology. This is why the mechanism of study drug is not sufficiently proven. Lastly, followup tests were not performed after a certain period of time following the completion of treatment. Therefore, we could not ascertain whether the effect of KBMSI2 was sustained after the treatment.
CONCLUSIONS
This preliminary clinical study of an herbal formula, KBMSI2, prepared based on Ginseng Radix Rubra, C. officinalis Sieb. et Zucc., L. chinense Mill, D. tenuipes, and C. longa Linn, showed significant improvements in EF and intercourse satisfaction, as measured by the IIEF in patients with ED. Further studies on a larger number of patients in the long term should be conducted to confirm the hormonal and hemodynamic changes and the related symptom improvement induced by KBMSI2.
